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INTRODUCTION 

History of Cranberry Cultivation 

The American cranberry, Vaccinium macrocarpon Ait., is a fruit crop native 

to North America. Cranberries are trailing, woody, non-deciduous plants that grow in 

acidic soil. They are found growing wild throughout much of the northeastern United 

States and Eastern Canada. Cranberries were harvested extensively from the wild by 

Native Americans and early settlers. The first cultivated cranberry bog was created in 

1810 in Dennis, Massachusetts by Henry Hall. He transplanted native cranberry 

plants growing nearby and mimicked the natural conditions in which these 

cranberries grew (Eck, 1990). By 1831, cranberries were grown in areas outside of 

Cape Cod, including Wareham and Carver, Massachusetts. 

Today, the cranberry industry in Massachusetts consists of approximately 

14,000 acres of producing bogs. In 1995, the yield was 88,335 metric tons, 

generating $87.5 million. In 1996, the yield was 79,275 metric tons, generating $96.2 

million. In both 1995 and 1996, Massachusetts produced approximately 37% of the 

total domestic supply of cranberries (Farrimond, 1997). 

Weed-Control Strategies in Cranberries 

Based upon surveys of agricultural crops, cranberries are more prone to yield 

losses due to weeds than almost any other crop (Patten, 1996). Weeds can cause 

100% loss of crop, and weed control can cost between $300 and $500 per hectare, 

depending upon species and populations (Sandler, 1997). Many common strategies 
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for weed control for an annual crop are not possible on cranberries. Crop rotation, 

tillage, the use of mulches and plastics, and preplant incorporation of herbicides are 

not options that can be used for weed-control on this perennial crop. Many 

innovative weed-control strategies have arisen in cranberry culture. Cultural, 

mechanical, chemical, and biological strategies are researched and commonly 

practiced in the cranberry industry. 

Historically, weeds were managed on cranberry bogs through the use of 

various herbicides. In 1935 and 1936, the primary weed control substances were oils, 

kerosene, gasoline, and fuel oil (Demoranville, 1987). These materials were applied 

as contact herbicides to the crowns of emerging perennial weeds (Eck, 1990). 

However, the rising costs of petroleum products and environmental concerns 

eliminated the use of these materials. In 1959, residues of aminotriazole, an herbicide 

and suspected carcinogen, were found on cranberries that had entered the market 

(Eck, 1990). This herbicide was useful in controlling a broad spectrum of weeds, 

especially perennial grasses. The public sentiment that resulted from the finding 

reduced the market price of cranberries and many cranberry bogs on Cape Cod were 

abandoned (Thomas, 1990). This became known as “the cranberry scare of 1959.” 

The market eventually recovered, and by the end of the 1970’s, demand exceeded 

production. In 1982 more than 136,000 metric tons were produced and prices 

reached $2.3/metric ton (Eck, 1990). This was more than triple “pre-scare” prices. 
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Swamp Dodder Cuscuta gronovii Willd 

Swamp dodder is a devastating problem in cranberries in Massachusetts and 

Wisconsin (Devlin and Deubert, 1980; Bewick et al., 1989). Heavy infestation can 

result in yield losses of 80-100% (Devlin and Deubert, 1980). Dodder is an 

obligately-parasitic weed that invades the phloem tissue of host plants in order to 

obtain photosynthates. Photosynthesis in dodder is almost negligible, and they are 

dependent upon their hosts from a few days after germination until senescence. 

Dodder plants contain some chlorophyll, so are not strictly holo-parasites. Their 

respiration rate exceeds the rate of photosynthesis, however, except in circumstances 

of extremely high carbon dioxide concentrations (Parker and Riches, 1993). 

Dodder seedlings often attach to weed seedlings as their primary host (Yang- 

han, 1987; Dawson et al., 1984). After it has become well established on its primary 

host, dodder can parasitize secondary hosts (Parker and Riches, 1993). In 

southeastern Massachusetts it has been observed that dodder was present on weeds, 

not on cranberry vines early in the season (Else, 1990). Dean (1934) found that 

young and old herbaceous hosts were parasitized readily, while only young shoots of 

woody plants were infested. Based on this information, it can be speculated that it is 

difficult for dodder to establish a relationship with the woody stem of the cranberry 

plant. However, later in the season when the cranberry is growing actively, dodder 

would be able to penetrate succulent growth with its haustorium more easily. 

Therefore, cranberry functions as a weak primary host. The parasitized cranberry 

plant is left deficient of nutrients and unable to produce a bud for the following year 

(M.J. Else, unpublished data), so that crop may be reduced in both years. Dodder is 
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listed as a zero-tolerance weed on cranberry bogs. It spreads quickly and can cause 

great damage to cranberry vines and yield (Sandler and Else, 1995). 

Dodder seedlings have no roots or leaves but consist of a yellow-orange 

thread-like stem (Dawson et al., 1984). They locate a host through a process called 

circumnutation (Parker and Riches, 1993), i.e. a newly emerged dodder seedling 

circles counter-clockwise while in search of a host. Seedlings survive for up to 

several weeks until a proper host is found and may elongate to 35 cm during this 

process. If no suitable host is found, the seedling dies. Once a host is found, the 

seedling wraps around the host and penetrates the stem or leaf of its host using a 

haustorium, a specialized organ used for absorption (Parker and Riches, 1993). After 

penetration, the haustoria invade the vascular tissue (Agrios, 1988). Once it has 

penetrated the host, the dodder seedling loses its attachment to the ground and is 

totally dependent upon its host (Haaker, 1888; Ashton and Santana, 1976; 

Mussleman, 1982; Parker and Riches, 1993). Many shoots subsequently are 

produced at the attachment point, move laterally, and parasitize other hosts (Dawson 

et al., 1984). The portions of the dodder plant that are embedded in the host plant will 

survive, even if the external portions are removed. These embedded portions can 

continue to produce new dodder plants vegetatively (Dawson, et al., 1984; Bewick, 

1995). 

Dodder species will form a dense mat of twining stems across their hosts. 

This reduces the vigor of the host as well as leaving those plants below the mat 

deficient of sunlight (Dawson et al., 1984). Swamp dodder is known as a largeseeded 
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dodder, with seeds averaging 1.5 mm in diameter (Parker and Riches, 1993). It is 

reported to cause losses in alfalfa, carrot, celery, mint, potato, and cranberry (Bewick 

et al., 1987). 

Dodder Hosts 

Hosts of swamp dodder range from crop plants to weeds, wildflowers, and 

shrubs. Parker and Riches (1993) state that C. gronovii can parasitize a range of 

woody, shrubby, and herbaceous species found in wet places. It was first thought that 

each species of dodder would only parasitize one species of plant. These species of 

dodder were subsequently named after the species of plant they parasitized (Dean, 

1934. In later years, it was determined that specific species of dodder had affinity for 

specific host plants, but this theory was never supported (Dean, 1934). Yunker 

(1921) stated that C gronovii would grow on any plant within its reach. In 1932, 

Yunker listed 31 genera of hosts of C. gronovii. This list included many plants that 

appear in cranberry bogs, such as Euthamia spp.. Aster spp., and Rubus spp. Gaertner 

(1950) listed 168 plant species that are hosts to C. gronovii. She also listed plants 

upon which dodder was found to not survive. This included many grass species, and 

Apios americana Moench (wild bean), a problematic weed on Massachusetts 

cranberry bogs (Sandler and Else, 1995). The ability for dodder to find an early 

season, primary host is essential to dodder’s survival. Weeds and green cranberry 

growth serve to provide nutrients for dodder in early-spring. Irradication of non- 

cranberry early season hosts can drastically lower the chances of dodder’s survival 

(Sandler and Else, 1995). 
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Hosts affect dodder in several ways. A vigorous host plant produces vigorous 

dodder (Gaertner, 1950). It also has been reported that dodder will only flower on 

hosts that are themselves flowering (Fratianne, 1965). The number or quality of 

dodder seeds produced on differem hosts has not been investigated. 

Cultural Practices in Cranberries - Sanding 

Sanding, i.e., the practice of applying a thin layer of sand over cranberry vines 

during the dormant season, is a cultural practice used to anchor runners, stimulate 

rooting, and the breaking of axillary’ buds to produce upright shoots which bear the 

fiuit. The positive effects of sanding were first observ’ed in 1810 by Henry' Hall on 

Cape Cod, w’ho noticed invigorated growth of cranberry plants after sand had blown 

in from the surrounding area (Eck, 1990). Sanding also is used to encourage organic 

matter decomposition (Dawson, 1965). 

Commercially, a layer of sand, generally between 1 and 5 cm deep, is applied 

to cranberry bogs every' third year. This process was accomplished originally by 

using wheelbarrows and shovels (Eck 1990; Cross and Demoranv’ille, 1978; 

Tomlinson, 1937). Modem practices include barge and ice sanding. Barge sanding 

uses a floating barge to apply sand uniformly across the bog while it is flooded, either 

in the fall or spring. Ice sanding occurs during the winter when water flooding the 

bog is frozen. Sand is applied on the ice and therefore is deposited on the bog surfrce 

when the ice melts. This is the most effective method of sanding for it creates the 

least amount of agitation in the w ater. Howev er, chunks of mehing ice may break a 
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long ditch edges and deposit sand unevenly along the bog and into the ditches (Cross 

and Demoranville, 1978). 

Sanding has many pest management benefits, including burial of cranberry 

girdler pupae {Chrysoteuchia topiaria) and suppression of fruit rot inoculum 

(Tomlinson, 1937). Strik and Poole (1995) determined that the application of a layer 

of sand 1.3 cm in depth increased yield in the year of sanding and in the year 

following. Sandler et al. (1997) recently discovered that by applying at least 2.5 cm 

of sand on top of dodder seeds, dodder emergence was greatly reduced. 

A disadvantage of sanding is that it results in invigorating some perennial 

weeds in the same manner that it results in the invigoration of cranberry vines. The 

weeds that trail (e.g. Ruhus, spp.) are anchored to the bog floor, encouraging daughter 

plants. Poison ivy also is stimulated to produce large numbers of adventitious roots. 

Both of these perennial weeds become harder to remove manually after sanding. In 

the year following sanding, the number of many annual weed species also increases. 

This result occurs because the vines are anchored to the bog floor and more sunlight 

reaches the dormant weed seeds (Cross and Demoranville, 1978). The disadvantages 

of sanding still are overshadowed by the benefits of renewed vigor of the cranberry 

plant. By the second season after sanding, the vines have become more dense and 

can outcompete the weed species (Cross and Demoranville, 1978). 

Cultural Practices in Cranberries - Late-Water Flood 

Water is used in many aspects of cranberry production. It is used for disease 

and insect control, frost and heat protection, sanding, harvesting, and protection from 
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winter desiccation and cold injury (DeMoranville et al., 1996). A late-water flood 

consists of flooding a bog for several weeks (30 days standard), commonly from mid- 

April to mid-May. The surface of the flood must be 30 cm above the vines in order to 

keep the vines at a constant temperature (below 18° C) and delay growth (Cross, 

1987). Late-water flooding controls insect populations, mites, diseases, and weeds. 

It is also less frequently used as an alternative to irrigation for frost control during a 

time of year when the nights are very cold and the vines are susceptible to damage. 

A late-water flood provides weed control through the weakening of rhizomes 

and root systems many of the hard-to-control perennial weeds, such as the dewberries 

{Rubus spp.) (DeMoranville, 1995). In a study of the affects of a late-water flood, 

half the crowns of common dewberry species failed to emerge after the flood 

(DeMoranville, 1995). The weeds that emerge can often be controlled adequately 

with postemergence herbicides, such as hand-wiping of glyphosate. 

Cultural Controls of Dodder 

The use of cultural practices to manage dodder populations is not a new area 

of research, but one that can benefit cranberry production. Cultural methods for 

dodder control are imperative in all crops affected by this pest. When chemical 

methods fail, cultural methods are often the only alternative. 

Allred and Tingey (1964) examined control measures for dodder in alfalfa. 

The objective of their research was to determine ambient and soil temperatures 

required for dodder germination in order to develop a method for its irradication. 

Dawson (1966) also studied dodder control in alfalfa and determined dodder’s 
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response to shade. Dodder emerging in darkness had less ability to twine about its 

host. Emergence was normal, but attachment was delayed by 7-10 days. Sandler et 

al. (1997) determined that by burying dodder seed under at least 2.5 cm of sand in a 

cranberry system, emergence and survival was reduced greatly. Of prime interest are 

the examination of dodder hosts and their role in the production of dodder seed, 

manual dodder removal, examination of the uniformity of sanding practices, and the 

manipulation of herbicide application around the practice of holding water on the bog 

after the winter flood (late water). 

Because cranberries are a perennial crop, some alternative dodder-control 

measures are impossible. For example, Yang-han (1987) found that by rotating 

soybeans to a grass crop, dodder parasitism was controlled. Further, Cudney et al. 

(1992) developed a program to control C. indecora, a largeseeded dodder in alfalfa, 

which utilized Trifluralin as a preemergence herbicide combined with mowing and 

burning at different times during the growing season. 

Yang-han (1987) and Cudney et al. (1992) showed that alternative approaches 

to controlling dodder can be productive. By selecting different chemical and cultural 

methods, and understanding the biology of the pest, effective and less-damaging 

control programs can be developed. 

Control of Dodder - Manual Removal (Raking) 

Manual removal of dodder infestations is a recommended practice for control 

in many crops. Burning and mowing is a recommended practice in alfalfa (Cudney et 
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al., 1992), but the crop also is reduced or sacrificed. However, in alfalfa, both of 

these practices can be cost effective means of dodder control. 

Parker and Riches (1993) suggested that hand removal is the most effective 

method for controlling light infestations of Cuscuta spp. This practice is not 

recommended for extensively overrun areas (Ashton and Santana, 1976). In 

cranberry production, mowing around ditches and reservoirs in order to reduce the 

potential for infestations moving onto the bog is a recommended practice (Dawson et 

al., 1984; Sandler and Bewick, 1997). Manual removal of flowers and seed pods 

prevents dodder from spreading within the bog. This manual removal of infestations 

also opens up the canopy to sunlight and reduces the number of seeds set by the 

parasite (Else, 1990). Decreased seed production may aid in the reduction of future 

dodder populations on the bog. 

Control of Dodder - Herbicides 

Chemical herbicides that have been registered for dodder control work by 

inhibiting dodder emergence and so must be applied preemergence. Until 1988, 

chloropropham was registered for use on cranberry bogs and exhibited control for 

dodder (Bewick et al., 1989). Chloropropham at 0.26 kg ai/ha controlled dodder in a 

greenhouse experiment for 3 to 5 weeks (Dawson, 1969). Dawson tested the 

longevity of 27 herbicides that affected attachment of dodder seedlings. Only one of 

these herbicides, dichlobenil, is currently registered for use on cranberries. Devlin 

and Deubert (1980) achieved acceptable control of C. gronovii with a liquid 

formulation of Butralin on cranberries. However, they reported a decrease in yield in 
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the year of application. Devlin et al. (1994) also investigated an experimental 

herbicide MON-13211 (currently Thiazopyr) as post-emergence control of C. 

campestris in both cranberries and alfalfa. This herbicide inhibited the twining and 

caused a swelling of the tips of the dodder plant. Growth was almost completely 

inhibited at the lowest rate of application. 

Bewick et al. (1988a) examined the use of low rates of glyphosate and 

sulfosate for post-emergence control of C. gronovii on cranberry and carrot {Daucus 

carota). Both of these herbicides controlled dodder. Yield was not reduced in 

cranberry, but was decreased in carrot. Bewick et al. (1989) also examined three 

preemergence herbicides for dodder control in Wisconsin; chloropropham G, 

dichlobenil, and pronamide. Control with chloropropham G. and dichlobenil was 

inconsistent. Pronamide controlled dodder in all three years of the study. Yields 

were reduced at the higher rates of this herbicide, but not at the lowest rate that 

exhibited dodder control. 

Dichlobenil (2,6-dichlobenzonitrile) is the only herbicide registered for use on 

cranberry bogs to control dodder. It is recommended to be used at a rate of 1.3-2.6 kg 

ai/ha in mid to late April, not exceeding 4.4 kg ai/ha in a one-year period (Sandler and 

Bewick, 1997). This herbicide also is registered to control some of dodder’s early- 

season hosts, such as narrow-leaved goldenrod (Euthamia galeturium (L.) Nutt.), 

yellow loosestrife {Lysimachia terrestris L.), and aster {Aster spp.). The low rates 

necessary to avoid vine damage are often not sufficient for dodder control (Bewick, 

1995). Dana et al. (1965) tested granular herbicides on Wisconsin cranberry bogs, 

including dichlobenil. Early-spring or late-fall applications of dichlobenil were 
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effective in controlling many annual and perennial sedges, grasses, and broadleaved 

weeds, including dodder host species. The other herbicides were not as effective in 

controlling the wide spectrum of weeds. 

Dichlobenil (trade name Casoron or Norosac) acts as a cell-wall-synthesis 

inhibitor. It is most effective when applied close to the time of weed germination or 

emergence. Dichlobenil in its vapor stage controls dodder (Dawson, 1970). Both the 

wettable powder and granular formulations were effective in controlling dodder 

populations, however granular formulations were preferred for they penetrated a 

dense crop more easily (Dawson, 1970). Miller et al. (1966) found that dichlobenil is 

quite persistent on cranberry bogs. Leaching in the soil is not common, however, loss 

of herbicide due to volatilization is commonly found due to high soil temperatures. 

The herbicide is recovered primarily in the top 10 cm of the soil. Devlin and 

Demoranville (1968) found that using dichlobenil for two successive years can have 

an effect on cranberry size and yield. The recommendation for herbicide use in 

conjunction with a late-water flood is that dichlobenil must be applied at least seven 

days before the flood, and no post-flood herbicide usage is recommended due to 

potential for vine damage (DeMoranville et al., 1997). The longevity of the herbicide 

is increased when it is watered into the soil with an overhead sprinkler system (Miller 

et al, 1967). In a study comparing herbicide application to a pre-wet area and an 

irrigated area, the irrigated area had a residue content of approximately twice that of 

the pre-wet section. Dichlobenil can be applied both in the spring and the fall. 

Longevity studies indicate that fall applications of dichlobenil remain active for 28 
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days but not for 130. Spring applications of dichlobenil may be active for 60 days (S. 

Butkewich, unpublished data). 

In order to time preemergence herbicide application properly with dodder 

emergence on cranberry bogs, Bewick et al. (1988) developed a degree-day model. It 

was designed to work with dodder species that have specific temperature 

requirements for germination, C indecora Choisy, C. campestris Yunker, and C 

approximata Bab. Var. Urceolata (Ktze.) Yunker. This model was based upon a 

correlation between air temperature and soil temperature at 30 mm. A model 

currently is being developed for use in Massachusetts cranberries (H. Sandler, 

unpublished data). 

Control of Dodder - Biological Control 

Biological control has been successful with dodder. In Wisconsin, Bewick et 

al. (1987) isolated two fungal pathogens of dodder, Fusarium tricinctum and an 

Altemaria species. These fungi achieved 92% control of C. gronovii when used as a 

post-attachment treatment. Rudakov (1963) reported Altemaria cuscutacidae to be 

pathogenic to Cuscuta campestris in Russia. Yang-han (1987) examined the use of 

the pathogen Colletotrichum gleosporides Penz. for control of C aiistrialis R. Br. and 

C. chinensis Lam. Introduction of this pathogen resulted in effective control of both 

species of dodder in soybean. Leach (1958) also identified a Colletotrichum species 

(C. destructivum) to be present on dodder infesting an alfalfa field in Oregon. 
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Objectives 

This project combines several approaches to dodder management in cranberry. 

The control of dodder in a cranberry bog needs to involve the integration of many 

strategies. The goal of this study was to investigate methods for dodder population 

reduction on cranberry bogs by developing methods of control that are cost effective 

and not labor intensive. The need for non-chemical controls was of primary interest, 

as well as the investigation of dodder hosts and their contribution to dodder 

populations. Research on proper herbicide was also needed to prevent overuse and 

misuse. The objectives of this study were; 

1. to determine the efficacy of the manual removal of dodder by raking; 

2. to evaluate the potential of sanding for dodder control by assessing depth and 

uniformity of sanding in commercial cranberry bogs; 

3. to evaluate alternative rates and timings of dichlobenil treatment in 

conjunction with late-water flooding, by assessing residual herbicide activity 

in the soil; 

4. to assess the contribution of weed species to dodder infestations on cranberry 

bogs. 
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CHAPTER I 

EFFECTS OF SUMMER REMOVAL OF DODDER ON DODDER 

INFESTATION AND ON CRANBERRY YIELD AND BERRY MASS 

Abstract 

Manual removal of dodder infestations from cranberry bogs is the only 

postemergence control currently available to growers. Raking practices were 

evaluated to determine the appropriate number of rakings needed (0, 1, 2) for 

successful dodder control. During a two-year study, sites were selected (six during 

year one, five during year two), which had not previously been raked. The plots were 

sampled for fresh/dry mass of dodder (in one year) and were assessed visually for 

percent dodder cover (in two years). Raking one time per season reduced percent 

visual cover by 88% in year one and by 83% in year two. Significant benefits were 

not obtained by additional raking. Fresh and dry mass of dodder measured in year 

two was decreased initially by raking, but increased to near non-raked levels by the 

end of the experiment. Yield was decreased by 64% in a dodder-infested area 

compared to an non-infested area, regardless of raking. Mass per berr\’ was not 

affected by raking but repeated repeated raking may impact yield by reducing berry 

number. 
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Introduction 

Cuscuta spp. are obligately-parasitic weeds that invade the phloem tissue of 

host plants in order to obtain photosynthates. They form a dense mat of twining 

stems across their hosts. This reduces the vigor of the host as well as leaving those 

plants below the mat deficient of sunlight (Dawson et ah, 1984). Swamp dodder 

{Cuscuta gronovii Willd.) is a devastating problem in cranberries {Vaccinium 

macrocarpon Ait.) in Massachusetts and Wisconsin (Devlin and Deubert, 1980; 

Bewick et ah, 1989). In bogs, it spreads quickly, damages cranberry vines 

significantly and dramatically reduces yield (80-100%) (Sandler and Else. 1995; 

Devlin and Deubert, 1980). 

A primary dodder host is one that can be parasitized by dodder’s seedling 

stage. A secondary host is one that dodder can parasitize only after it has become 

well established on its primary host (Parker and Riches, 1993). In southeastern 

Massachusetts, dodder has been found on weeds, not on cranberry vines early in the 

season (Else, 1990). Based on this information, it can be speculated that it is difficult 

for dodder to establish a relationship with the woody stem of the cranberrv^ plant. 

However, later in the season when the cranberry is growing actively, dodder is able to 

penetrate succulent growth with its haustorium more easily. Therefore, cranberry is a 

weak primary host. The parasitized cranberry plant is left deficient of nutrients and 

less able to produce a bud for the following year. The crop may be reduced in both 

years (M.J. Else, unpublished data). 

Manual removal of dodder infestations is a recommended practice for control 

in many crops. Burning and mowing are recommended practices in alfalfa (Cudney 
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et al., 1992), however, the crop also is reduced or sacrificed. In alfalfa, both of these 

practices can be cost-effective means of dodder control. 

Parker and Riches (1993) and Ashton and Santana (1976) suggest that hand 

pulling is the most effective method for controlling light infestations of Cuscuta spp. 

This practice is not recommended for heavy, extensively overrun areas (Ashton and 

Santana. 1976). In cranberry production, mowing around ditches and reserv'oirs to 

reduce the number of potential primary hosts for dodder is a recommended practice 

(Dawson et al., 1984; Sandler and Bewick, 1997). Manual removal of flowers and 

seed pods might prevent dodder from spreading within the bog. This manual removal 

of infestations also opens up the canopy to sunlight and reduces the number of seeds 

set by the parasite (Else. 1990). Decreased seed production may aid in the reduction 

of future dodder populations on the bog. The objectives of this study were to 1) 

assess the effectiveness of raking to remove dodder from cranberry bogs and 2) 

determine if differences exist beuveen single takings or double takings per season. 

Materials and .Methods 

In two separate years, sites with dodder infestations that had not previously 

been raked were chosen. In 1996. six sites were used [Lakeville, MA; Marion. MA; 

East Wareham, MA; Car\'er, MA (2); and Wareham, MA] and in 1997, five sites 

were used [Mattapoisett .MA (3); and Rochester, MA (2)]. Three 3-m’ plots were 

chosen in dodder infested areas on each site, and one treatment was applied to each 

plot. Treatments were: control, raking one time per season in early to mid-July, and 

raking two times per season in both early to mid-July and late July to early August. 
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Raking was non-vigorous, with one or two passes through plot to remove dodder 

population. Experimental design was a randomized complete block with site treated 

as replication. In both years, the plots were evaluated visually for percent dodder 

cover before and after raking. A final evaluation was made in late August. Fresh 

mass of dodder was sampled in 1997. Dodder samples were taken from a randomly 

chosen 900-cm area m each plot, both before and after each raking in order to 

quantify regrowth. Samples were weighed, dried at 62° C for 12-14 hours and 

weighed again. Cranberry yield was determined in 1997 by harvesting fruit from 

randomly chosen 900-cm areas in each plot and in comparable dodder-free plots, as 

close to the infested plots as possible, at the end of the season. Analysis of variance 

and Duncan’s New Multiple Range Test were performed using SAS Version 6.12 

(SAS Institute, Cary, NC). 

Results 

Treatment and sampling week interacted to affect percent dodder cover in 

1996 (Table 1.1, A. 1). However, the most prominent effects came from treatment. 

Raking significantly reduced dodder cover (83%), but the difference between one and 

two rakings was nonsignificant. Comparable results were obtained in 1997, where 

raking reduced dodder cover (85-88%), but no differences were seen between one and 

two rakings per season (Table 1.2. A.4). 

Raking also affected the fresh and dry mass of dodder on the bog (Table 1.2). 

Initially, raking reduced dodder fresh and dry weight, but by the 28 Aug. sample, 

differences were nonsignificant. Raking did not affect yield or mass per berry (Table 
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1.3). Yield in all plots was lower compared to corresponding noninfested areas (64% 

difference) (Table 1.3). 

Discussion 

The difference in outcome of raking when dodder was assessed visually 

compared to the assessment by mass determination raises several questions about the 

benefits of this removal procedure. Raking one time per season reduced visual cover. 

This affect was not enhanced by an additional raking. Dodder dr\' and fresh mass, 

however, appeared to recover to near non-raking levels by the end of the season. 

Bewick and Porter, (unpublished data) performed a raking experiment on cranbeny' 

boes in southeastern Massachusetts, durine the summer of 1997. Thev examined the 

time of raking (mid-July and mid-August), number of treatments, and their affect on 

dodder seed production. They determined that while raking reduced the number of 

dodder seeds set by 43-83% in both 'Early Blacks' and 'Howes', the reduction in 

yield due to the raking practice was significant enough to preclude recommending the 

practice except in severe cases. Since in this study, raking was conducted in mid-July 

to mid-.August. clearh’ after fruit set. no positive effect on berr\' number was 

expected. Removing the dodder mat from the cranbeny plants may allow for better 

fruit ripening by enhancing light penetration. Color was not examined in this study. 

It has been determined that in temperate regions, imbedded portions of dodder may be 

able to surv ive perennially (Dawson et al., 1984). It is not certain, however, that 

raking reduces imbedded portions, adding more questions about the long-term 

benefits of raking. 



The yield reductions of 64% in dodder-infested areas compared to non- 

infested areas are of significant concern to cranberry growers. If a dodder population 

is allowed to persist perennially, economic impact will be severe. Bewick and Porter 

also found yield reductions of 43-49% in dodder-infested cranberry compared to 

uninfested areas. While raking reduced dodder seed production, yield loss was 

increased with raking frequency (unpublished data). 

Individual mass per berry, was similar from infested and non-infested areas. 

Reduced competition among berries, because of lower numbers in the infested areas, 

could account for adequate size development despite nutrient loss to dodder. 

Cranberry plants produce fewer, but large (greater mass) fruit when flowers are 

selectively removed (Baumann and Eaton, 1986; Birrenkott and Stang, 1990). It is 

encouraging that even though the yield is reduced by dodder infestations, the berries 

are still of marketable size. 

Parker and Riches (1993) stated that prevention through the use of non- 

contaminated seed, is the best control for dodder, in an annual cropping system. In a 

perennial crop, however, the best that can be accomplished is to reduce the amount of 

dodder seeds produced annually. Since Bewick and Porter determined that dodder 

seed production is reduced during raking, a grower must weigh available options to 

determine whether raking should be attempted. Yield will be reduced by raking, 

however this practice could reduce the potential for an increased dodder population 

the following year. 
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Table 1.1. Percent dodder cover as affected by raking. 1996.^ 

Treatment 11 Julv 
Visual cover (%) 
30 Julv 15Aue. 

Control 66 a 69 a 69 a 
Raked 7/11 8b 10b 10b 
Raked 7/11.7/30 7b 10b 5b 

^Mean separation within columns by Duncan’s New Multiple Range Test (P=0.05). 

Table 1.2. Dodder presence as affected by raking. 1997. z 

Samnline date 
27 Julv 8 Aug. 

Treatment Pre-raking Post-raking Pre-raking Post-raking 28 Aug. 
Visual assessment (%) 

Control 44 a 59 a • 62 a 
Raked 7/27 53 a 9b - 10b 10b 
Raked 7/27, 8/8 57 a 7b 16b 9b 8b 

Fresh mass (g/900 cm’) 

Control 16b • 27 a - 18a 

Raked 7/27 31 a 12b - 19b 14a 

Raked 7/27, 8/8 31 a 8b 14b 11 b 16 a 

Dry mass (g/900 cm’) 

Control 3.3 be 6.6 a - 6.5 a 

Raked 7/27 5.6 a 2.5 c - 5.2 b 5.5 a 

Raked 7/27. 8/8 4.8 ab 1.7 c 4.0 b 2.9 b 5.6 a 

^ Mean separation within sampling date by Duncan’s New Multiple Range Test 
(P=0.05). 
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Table 1.3. Cranbern' yield as affected by raking. 1997.^' 

Treatment 
Yield 

(metric tons/ha) (number/900 cm^l 
Fruit size 
2/berrv 

Control (infested) 7.3 a 106 a 0.78 a 
Raking lx 6.4 a 97 a 0.62 a 
Raking 2x 3.9 a 56 a 0.58 a 
Control (non-infested) 20.5 b 264 b 0.82 a 

^ Mean separation within columns by Duncan’s New Multiple Range Test (P=0.05). 
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CHAPTER II 

UNIFORMITY OF SANDING METHODS RELATIVE TO HOW IT MIGHT 

AFFECT DODDER EMERGENCE ON CRANBERRY BOGS 

Abstract 

The uniformity of sanding was examined to determine the most effective 

sanding method for dodder seed burial. During a two-year study, 24 bogs of two 

cultivars. Early Blacks and Howes, were examined. Two sanding methods (barge and 

ice) were tested. Soil cores (2 mm probe) were taken every 5 m in a grid pattern 

across the bog to measure the depth of sand deposited on the surface. Application 

methods evaluated in this study delivered non-uniform depositions of sand. Barge 

sanding gave below target coverage on 77% (Early Black) and 80% (Howes) of the 

sampled area. Ice sanding gave below target coverage on 81% (Early Black) and 

95% (Howes) of the sampled area. 

Introduction 

Swamp dodder {Cuscuta gronovii Willd.) is a devastating problem in 

cranberries (Vacciniiim macrocarpon Ait.) in Massachusetts and Wisconsin (Devlin 

and Deubert. 1980; Bewick et al.. 1989). Dodder is an obligately-parasitic weed that 

invades the phloem tissue of host plants in order to obtain photosynthates. Parasitized 

cranberry plants are left deficient of nutrients and less able to produce a bud for the 
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following year (M.J. Else, unpublished data). Heavy infestation can result in yield 

losses of 80-100% (Devlin and Deubert, 1980). 

Sanding, i.e., the application of a thin layer of sand over cranberry vines 

during the dormant season, is a cultural practice used to anchor runners and stimulate 

rooting and new growth. It also is used to encourage organic matter decomposition 

(Cross and Demoranville, 1978). Strik and Poole (1995) reported that the application 

of a layer of sand 1.3 cm in depth increased yield in the year of sanding and in the 

year following. The positive effects of sanding were first observed in 1810 by Henry 

Hall on Cape Cod, who noticed invigorated growth of cranberry plants after sand had 

blown in from the surrounding area (Eck, 1990). Sanding also has pest management 

benefits, including burial of cranberry girdler pupae {Chrysoteuchia topiaria) and 

suppression of fruit rot inoculum (Tomlinson, 1937). Sandler et al. (1997) recently 

documented that the application of at least 2.5 cm of sand on top of dodder seeds, 

greatly reduced dodder emergence. 

Commercially, a layer of sand, generally between 1 and 5 cm deep, is applied 

to cranberry bogs every third year. This process was accomplished originally by 

using wheelbarrows and shovels (Eck 1990; Cross and Demoranville, 1978; 

Tomlinson, 1937). Modem practices include barge and ice sanding. Barge sanding 

uses a floating barge to apply sand uniformly across the bog while it is flooded, either 

in the fall or early spring. Ice sanding occurs during the winter when the flood 

covering the bog is frozen. Sand is applied on the ice and is therefore deposited on 

the bog when the ice melts. From a practical standpoint, this is the most effective 

method of sanding for uniform application, for creates the least amount of agitation in 
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the water. However, chunks of melting ice may break along ditch edges and deposit 

sand unevenly along the bog and into the ditches (Cross and Demoranville, 1978). 

There is potential for sanding to be used as a method for dodder control on 

cranberry bogs. If at least 2.5 cm of sand is deposited in an uniform manner across 

the bog surface, then there is potential for a 67% reduction in dodder seedling 

emergence (Sandler et al., 1997). The objectives of this study were to investigate 

sanding uniformity and depth under commercial conditions, and relate these data to 

the potential for sanding to affect dodder control. 

Materials and Methods 

During two years, 24 bogs of either ‘Early Black’ or ‘Howes’ cranberry were 

selected (Table 2.1) that had been either barge or ice sanded. Transects were 

established across the sanded area up to 50 m in one direction and up to 20 m at 90° 

to the first transect. A soil sample was taken every 5 m across the bog. The depth of 

sand was measured using a 2 cm diameter soil probe. A range of 31-68 

measurements were taken per bog, depending upon available size of sanded area. 

Target depth was recorded based on grower information. Mean depth of sand, 

standard deviation, and percent of the bog that received the target depth were 

calculated. When growers were attempting to apply a range of sand depth, i.e., 20-25 

mm, the mean of these depths were used to calculate descriptive statistics. The sand 

depth measurements were displayed in a computer-generated grid pattern, mimicking 

the bog from which the measurements were taken. 
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Results and Discussion 

Deposition of a uniform layer of sand across the bog was not achieved by 

cranberry growers participating in this study (Table 2.1). Regardless of application 

method, many areas of the bog received greater or less than the targeted amount. 

Barge sanding sampled on ‘Early Blacks’ and ‘Howes’ received, 77% and 80% below 

the target depth of sand on the sampled area. Ice sanding gave below target coverage 

on 81% (Early Black) and 95% (Howes) of the sampled area. The depths of sand 

measured across the bog were portrayed in three-dimensional graphs (using 

SigmaPlot 4.01) in order to assist cranberry growers visualizing the lack of sanding 

uniformity. Figures B.1-B.24 show depth of sand in a number of bogs. The number 

of the figure corresponds with the number of the bog in Table 2.1. 

Commercially, ice sanding is reported to be a better choice for applying a 

uniform layer of sand, compared to barge sanding. Practically, this was not seen in 

this study, and ice sanding actually applied a lower percentage of sand at the target 

depth to the sampled area. 

Greenhouse studies (Sandler et al., 1997) demonstrated the potential for a 2.5- 

cm layer of sand covering dodder seeds to suppress dodder emergence by 67% 

compared to seeds placed upon the soil surface. As the depth of the layer of sand 

increased, dodder emergence decreased. If this is the case in field situations, growers 

who apply in excess of 2.5 cm of sand would achieve a reduction on dodder seed 

emergence. However, those whose sand application was less than the target depth, 

would not gain these benefits. Seeds which were buried beneath 1.3 cm of sand had 

an emergence reduction of only 4% compared to seeds placed upon the soil surface. 
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Sanding at this depth does not reduce dodder populations meaningfully. An 

application of at least 2.5 cm of sand would be required to potentially reduce dodder 

populations on the bog. 

Based upon the ability for sanding to suppress dodder emergence in 

greenhouse studies, this practice was recommended to be a component in an 

integrated management program for dodder (Sandler et. al., 1997). Sanding is 

recommended to reduce the initial dodder populations. An integrated management 

program for dodder could include such control measures as preemergence herbicides, 

control of early-season hosts, manual removal, and application of postemergent 

mycoherbicides (Sandler et. al., 1997). 

Based on this study, the benefits of sanding as part of integrated dodder- 

control programs must be questioned. Lack of sanding uniformity is so great as to 

make it unlikely that significant dodder suppression would be achieved. Neither 

barge nor ice sanding applied a uniform layer of sand across the bog surface. The 

future of this cultural method may be found in technology with the modification of 

current, or introduction of new, sanding methods. 
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Sanding uniformity on Massachusetts cranberry bogs. 1996-1997. 

Cultivar 

Sanding 

method 

Target 

depth 

(mm) 

Measured 
mean 

depth 

(mm) 

Standard 

deviation 

Area 

receiving 
less than 

target 

depth (%) 

EB Barge 13-20 19.3 13.0 46 

EB Barge 20 7.7 4.9 97 

EB Barge 25 7.4 6.7 97 

EB Barge 25 19.8 11.0 73 

EB Barge 25 11.7 3.8 100 

EB Barge 25 12.3 10.0 80 

EB Barge 25 25.6 11.6 51 

EB Barge 25 6.9 5.8 98 

EB Barge 38 18.1 10.2 96 

Howes Barge 20 21.6 17.3 54 

Howes Barge 25 15.2 8.9 85 

Howes Barge 25 16.3 8.2 79 

Howes Barge 25 18.0 10.4 80 

Howes Barge 25-38 17.0 7.8 97 

Howes Barge 38 25.0 11.1 84 

EB Ice 13 14.2 8.1 47 

EB Ice 13 7.8 6.1 88 

EB Ice 13 12.1 7.7 67 

EB Ice 13-20 15.0 5.1 64 

EB Ice 20 8.7 4.8 99 

EB Ice 25 14.5 8.5 91 

EB Ice 25-38 12.0 6.2 100 

Howes Ice 20-25 12.7 7.2 94 

Howes Ice 20-25 12.1 5.1 95 
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CHAPTER III 

PERSISTENCE OF DICHLOBENIL ON LATE-WATER FLOODED 

MASSACHUSETTS CRANBERRY BOGS 

Abstract 

Dichlobenil was applied in three treatment groups based upon timing: pre-flood 

application, post-flood application, and a split application (both before and after the 

flood). Residual activity of dichlobenil was determined using an alfalfa-seed 

bioassay. In year 1, there were significant differences in herbicidal activity among 

application-timing groups at different times after the flood waters had been removed. 

In year two, one treatment rate from each treatment-timing group was chosen 

(control, 4.4/0 kg ai/ha. 0/1.3 kg ai/ha, and 3.1/1.3 kg ai/ha). The pre-flood 

applications initially reduced alfalfa-seed root growth, however, root growth 

increased in the bioassay after the flood waters were removed. The post-flood 

applications also initially reduced root growth though the effect quickly dissipated. 

By 6 weeks post flood, there was no significant difference between the control and 

the 0/1.3 kg ai/ha, no significant difference between the 0/1.3 kg ai/ha and the 3.1/1.3 

kg ai/ha and no significant difference between the 3.1/1.3 kg ai/ha and the 4.4/0 kg 

ai/ha. 
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Introduction 

Swamp dodder {Cuscuta gronovii Willd.) is a devastating problem in 

cranberries (macrocarpon Ait.) in Massachusetts and Wisconsin (Devlin 

and Deubert, 1980; Bewick et ah, 1989). Dodder is an obligately-parasitic weed that 

invades the phloem tissue of host plants in order to obtain photosynthates. Heavy 

infestation can result in cranberry yield losses of 80-100% (Devlin and Deubert, 

1980). 

Dichlobenil is the only herbicide registered for use on cranberry bogs to 

control dodder. It is most effective when applied close to the time of weed 

germination or emergence. It is used at a rate of 1.3-2.6 kg ai/ha in mid to late April, 

not exceeding 4.4 kg ai/ha in a one year period (Sandler and Bewick, 1997). This 

herbicide also is registered to control some of dodder’s early-season hosts, such as 

narrow-leaved goldenrod {Euthamia galetorium (L.) Nutt.), yellow loosestrife 

(Lysimachia terrestris L.), and aster {Aster spp.) (Sandler and Bewick, 1997). 

A late-water flood consists of flooding a bog for several weeks, commonly 

one month, from mid-April through mid-May. The flood should be maintained 30 cm 

above the vines in order to keep the \ ines at a constant temperature (below 18° C) and 

delay growth (Cross, 1987). This practice can reduce pesticide inputs by controlling 

insects, mites, diseases, and weeds. It is also less frequently used as an alternative to 

irrigation for frost control during a time of year when the nights are very cold and the 

vines are susceptible to damage. The current recommendation for herbicide use in 

conjunction with a late-water flood is that dichlobenil may be applied at least seven 

days before the flood, but post-flood herbicide usage should be avoided 
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(DeMoranville et al, 1997). The objective of this study was to determine the best rate 

of dichlobenil to be used in conjunction with a late-water flood in order to control 

dodder and its early-season hosts. 

Methods and Materials 

In 1996 and 1997 sites were selected that were to be subjected to a late-water 

flood and had no dichlobenil applied previously. The 1996 study included two sites 

with 4 plots set up in a completely randomized design (5 replicate plots for each of 

9 treatments. Table C.3). The 1996 treatments included an untreated control (0/0), 

two pre-flood treatments (3.1/0, 4.4/0 kg ai/ha), three post-flood treatments (0/1.1, 

0/1.3, 0/1.8 kg ai/ha), and three split applications (3.1/0.9, 3.1/1.1, 3.1/1.3 kg ai/ha). 

Dichlobenil was applied (as Casoron 4G) 7-12 days before flooding began. 

Initial (pre-flood and pre-herbicide), soil samples were collected. Subsequent 

samples were taken weekly for 6 weeks after the flood waters were removed. A 2-cm 

diameter soil probe was used to take three-15 cm sub samples per plot. The samples 

then were combined and subjected to an alfalfa-seed bioassay (Norman and Patten, 

1995). Alfalfa seeds were germinated for 2-3 days before use. The soil was placed in 

a 100 X 15 mm petri dish and six germinated alfalfa seeds were placed in a line 2.5 

cm from the top of the dish. The dishes were inverted, placed at a 45 degree angle, 

and kept in the dark for four days. At the end of four days, the roots of the seeds were 

measured from the end of the root to the point where the shoot widens (Norman and 

Patten, 1995). An inhibition of growth compared to control seedlings indicated 

residual herbicidal activity. 
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During the first week of July, vine phytotoxicity, and dodder populations were 

assessed in the treated areas. Vine health was assessed to determine affect from the 

post-flood herbicide applications. This was determined by approximating the number 

of dead or reddened uprights (1-10, 10-20 etc). Dodder populations were assessed in 

the same manner. 

In 1997, treatments were applied to a single bog that was to be subjected to a 

late-water flood and had no dichlobenil applied previously. Treatments included a 

control (0/0), a pre-flood application of dichlobenil (4.4/0 kg ai/ha), a post-flood 

application (0/1.3 kg ai/ha), and a split application (3.1/1.3 kg ai/ha). Treatments 

were arranged in a completely randomized design with six replicate plots of four 

treatments (Table C.4). Soil samples were taken weekly and the bioassay was 

performed as in 1996. Because of a spring frost, the flood was applied early and. the 

pre-flood, post-herbicide sample (9 Apr.) could not be collected. In order to simulate 

the pre-flood herbicide levels after 7 days, a bioassay was performed on soil taken 

from the bog after the flood was removed. Soil was placed in four separate garden 

pots. Each of two pots received each herbicide treatment of 4.4 and 3.1 kg ai/ha. The 

herbicide was watered in and remained undisturbed for 7 days. At that time soil was 

removed from each pot with a 2 cm diameter soil probe and placed in each of 5 petri 

dishes. Germinated alfalfa seeds were placed in the dishes as in the regular bioassay. 

All reps resulted in no alfalfa root growth. Based on this outcome, herbicidal activity 

in the pre-flood applications prior to the flood was assumed. 
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During the first week in August, weed populations were assessed in the 

treated area. On a per plot bases, all weeds present were identified and noted for 

frequency. Vine damage was assessed in the same manner as in 1996. 

Analysis of variance and Duncan's New Multiple Range Test were performed 

using SAS Version 6.12 (SAS Institute, Cary, NC). In 1996, significant sample dates 

were evaluated using orthogonal polynomial coefficients and linear non-orthogonal 

comparisons, comparing the individual groups on the significant sample dates. 

Comparisons represented treated plots only, except where noted that the comparison 

included the control. (Table C.l). 

Results 

In 1996, little effect of dichlobenil concentration was observed within the 

treatment groups (Figure 3.1, Table 3.1). However, significant differences existed 

among groups. Herbicide rate had less effect than application timing. As expected, 

pre-flood treatments (pre-flood only and split applications) significantly reduced 

radicle growth relative to other treatments prior to the flood and immediately after the 

flood. Post-flood applications (both alone and as part of a split application) reduced 

growth significantly, but less drastically than the pre-flood treatments. This effect 

was short lived, before growth was similar to that of treatments not receiving a post¬ 

flood application. 

The vine health assessments (data not shown), at both locations, found less 

than 10-20 uprights per plot visibly affected by the herbicide. It did not appear that a 

post-flood herbicide application at low rates affected vine health. The dodder 
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population assessment was to help determine actual herbicide efficacy in the field. 

Overall, at site 1, there were varied dodder populations across the treated area, 

regardless of herbicide application (data not shown). Between 10 and 30 dodder 

strands were found per plot. Dodder did not appear to be encroaching from outside 

the treated area. There were no dodder populations found in the treated area at site 2. 

In 1997, comparable results were obtained to 1996 (Figure 3.2, Table 3.2). 

However, the post-flood application had less impact in 1997. Populations of weeds 

which are reported to be controlled by dichlobenil were found in the plots (Sandler 

and Bewick 1997). These included dodder, yellow loosestrife {Lysimachia terrestris 

L.), narrow-leaved goldenrod {Euthamia galetorium (L.) Nutt.), yellow nutsedge 

{Cyperus esculentus L.), and wild bean {Apios americana Medic.). There was no 

visible vine damage. 

Discussion 

The purpose of this study was to determine the best rate of dichlobenil for use 

in conjunction with a late-water flood. If cranberry growers could apply 1.3 kg ai/ha 

after a flood and gain the same control as 4.4 kg ai/ha applied before a flood, their 

annual herbicide costs could be reduced and there would be less herbicide movement 

in the flood waters. However, in this study, post-flood applications at low rates were 

not as affective as pre-flood applications at higher rates. 

None of the herbicide treatments appeared to control weed and dodder 

populations in 1997. The lack of apparent herbicidal activity may not be a result of 

the rates of herbicide applied, but due to percent of organic matter in the bog. Miller 
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et al., (1966) determined that bogs that have a 5% or greater organic matter content 

have a greater persistence of dichlobenil. This is due to the adsorption of dichlobenil 

to soils, relative to their organic matter content. The adsorption of dichlobenil to soil 

with a high sand content is low (Humburg, et al. 1989). In 1997, the bog studied had 

an organic matter content of 3.8% (Soil and Plant Tissue Testing Laboratory, West 

Experiment Station, University of Massachusetts, Amherst, MA). Sandler 

(unpublished data) also determined that the residual activity of dichlobenil was 

reduced by an application of sand. The reduction in longevity of dichlobenil may be 

a result of inadequate organic matter to which the herbicide can bind, or a 

combination of the flooding practice and low organic matter. The bogs used in 1996 

were not assessed for organic matter content. 

Miller et al. (1966) did not find lateral movement of dichlobenil in irrigation 

water, ditches, or pond soils. DeMoranville (1995) however, found over 140 ppb 

dichlobenil in water from a late-water bog that received 4.4 kg ai/ha prior to flooding. 

This amount was found one week after flood waters were applied. Herbicide level 

steadily declined during the flood to approximately 25 ppb by week five. This would 

explain the movement of herbicide from the treated plots to the control plots. This is 

of environmental concern to the cranberry growers, due to the levels of the herbicide 

which can be found in the flood waters. It is uncertain whether this movement could 

be reduced by an earlier pre-flood application. 

The efficacy of dichlobenil used during a late-water year is of concern to 

cranberry growers. While a late-water flood is reported to suppress certain weed 

populations, many are not affected by the practice. If these weeds are not being 
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suppressed by an herbicide application, many will go uncontrolled. Further research 

in this area is needed in order to give growers a tool for weed management during a 

late-water year. It needs to be determined whether organic matter can lengthen the 

residual activity of dichlobenil when used in conjunction with flooding. It should 

also be determined how much herbicide is lost to volatilization during the flood. This 

results in economic waste due to herbicide which does not persist long enough to 

control target weeds. Herbicide applied before a flood may not be a recommended 

practice. Alternative strategies, such as postemergence controls may be needed for 

weed control during a late-water year. 
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Figure 3.1. Persistence of dichlobenil applied to cranberry bogs as revealed by an 
alfalfa-radicle growth assay after a late-water flood, 1996. Arrow signifies 
timing of post-flood dichlobenil application. .Mean separation within sample 
date by Duncan’s New Multiple Range Test (P=0.05). 
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Figure 3.2. Persistence of dichlobenil applied to cranberry bogs as revealed by an 
alfalfa-radicle growth assay after a late-water flood. 1997. Arrow signifies 
timing of post-flood dichlobenil application. Mean separation within sample 
date by Duncan’s New Multiple Range Test (P=0.05). 
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Table 3.2. Effects of soil from dichlobenil-treated cranberry bogs on radicle growth 
of alfalfa seedlings. 1997. ^ 

Treatment 
(ke ai/ha) 

Average radical lensth (mm) on sample dates 
5 Anr. 9 Mav 21 Mav 27 Mav 5 Jun. 12 Jun. 23 Jun. 

0/0 15.6 a 10.8 a 14.3 a 10.6 a 10.3 a 15.8 a 14.2 a 

4.1/0 18.7 a 4.2 b 7.1 b 6.8 a 4.8 b 6.7 c 8.2 c 

3.1/1.3 15.7 a 5.5 b 5.4 b 5.9 a 3.3 b 10.5 be 8.4 be 

0/1.3 15.7a 14.3 a 7.8 b 10.7 a 8.2 ab 13.3 ab 11.6 ab 

^ Mean separation within columns by Duncan’s New Multiple Range Test (P=0.05). 
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CHAPTER IV 

CONTRIBUTIONS OF VARIOUS SPECIES TO DODDER INFESTATIONS 

IN CRANBERRY BOGS 

Abstract 

During a two-year study, se\ en bogs with dodder infestations were sampled. 

Twelve 900-cm“ biomass samples were removed from each bog and were assessed 

for the number of each parasitized species, dodder seed number, total seed mass, 

seeds per host plant, and mass per seed. Overall, bristly dewberry was parasitized 

more than other species, followed by narrow-leaved goldenrod and yellow loosestrife, 

blue aster, and prickly dewbeny. Dodder on prickly dewberry and loosestrife 

produced the most seeds per plant and dodder on cranberry', prickly dewberry, bristly 

dewberry', loosestrife, and broad-leaved panic grass produced individual dodder seeds 

of the greatest mass. Only parasitization of narrow-leaved goldenrod resulted in 

seeds of a lesser mass. Percent dodder seed germination did not differ among species. 

Introduction 

Swamp dodder (Cuscuta gronovii Willd.) is a devastating problem in 

cranberries {Vaccinium macrocarpon Ait.) in Massachusetts and Wisconsin (Devlin 

and Deubert. 1980; Bew ick et al.. 1989). Cuscuta spp. are obligately-parasite weeds 

that invade the phloem tissue of host plants in order to obtain photosynthates. In 

southeastern Massachusetts it has been observ ed that dodder has been found on 
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weeds, rather than on cranberry vines early in the season (Else, 1990). Based on this 

information, it can be speculated that it is difficult for dodder to establish a 

relationship with the woody stem of the cranberry plant. However, later in the season 

when the cranberry is growing actively, dodder would be able to penetrate succulent 

growth with its haustorium more easily. The parasitized cranberry plant is left 

deficient of nutrients and less able to produce a bud for the following year (M.J. Else, 

unpublished data). Heavy infestation can result in yield losses of 80-100% (Devlin 

and Deubert, 1980). Dodder spreads quickly and can cause great damage to 

cranberry vines and yield (Sandler and Else, 1995). 

Hosts of swamp dodder range from crop plants to weeds, wildflowers, and 

shrubs. Parker and Riches (1993) stated that C. gronovii can parasitize a range of 

woody, shrubby, and herbaceous species found in wet places, many of which inhabit 

cranberry bogs. The ability for dodder to find an early season, primary host is 

essential to dodder’s survival. Weeds serve as potential hosts for dodder soon after 

germination in early-spring. Therefore, irradication of non-cranberry early season 

hosts could drastically lower the chances of dodder’s survival since very little 

acceptable cranberry growth is available at that time (Sandler and Else, 1995). It is 

important to understand what species are parasitized by dodder on cranberry' bogs. 

Any that appear particularly beneficial to dodder can be targeted for irradication. 

Hosts affect dodder in several ways. A vigorous host plant produces vigorous 

dodder (Gaertner, 1950). Since dodder overwinters as seed, seed quality may be 

important to dodder establishment, and host species may affect seed quality. Certain 

plants found on cranberry bogs may support a vigorous dodder plant, producing high 
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quality seeds with a high germination percentage. If these plants are identified, 

growers can then evaluate their weed population in terms of potential dodder hosts. 

Growers can then establish a weed control strategy to reduce populations of these 

plants. The objectives of this study were to investigate the interaction between 

dodder and its host plants by evaluating the production and quality of dodder seeds. 

Methods and Materials 

In two years, seven bogs were sampled that had dodder populations that had 

not been raked or treated with post-emergence herbicides. In 1996, four sites were 

chosen [Rochester, MA; Wareham, MA; and Carver, MA (2)] and in 1997, three were 

used [Mattapoisett. MA (2) and Rochester, MA]. During the last week in August, 

twelve 900-cm" samples were collected randomly throughout the infested area at each 

site. All plants in the sample area that were infested with dodder were clipped. These 

plants were placed in bags and identified to species. The plants were allowed to dry 

for at least one month at room temperature in paper bags. The dodder seeds were 

then removed from the hosts, counted, and weighed. 

In 1997, a germination test was performed on the seeds to determine seed 

viability from each host. Four reps of 25 seeds from each host at each site were 

scarified manually with sand in a mortal and pestle for 30-60 seconds (Sandler et al., 

1997). Where less than 100 seeds were produced on a host, the maximum number of 

seeds available were used. The scarified seeds were placed in petri dishes with 

moistened filter paper. They were kept in the dark at 24° C for two weeks, with 

germination assessed daily. Germinated seeds were removed from dishes after 
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counting. Analysis of variance and Duncan’s New Multiple Range Test were 

performed using SAS Version 6.12 (SAS Institute, Cary, NC). All data were log 

transformed because ot a correlation between mean and variance. 

Results and Discussion 

Dodder parasitism and total dodder-seed quantity varied with host species 

(Table 4.1). There was no difference in the overall weight of the dodder seeds 

produced on different host plants. Species also affected dodder seed number per plant 

and the average seed mass (Table 4.2). 

Dodder was found most frequently on cranberry plants, which obviously was 

the most common plant on the bogs. Cranberry was removed from the analyses of 

bog totals to better examine non-cranberry hosts. The plants other than cranberry that 

supported the most dodder varied with location. Some locations had dodder 

populations with few hosts other than cranberry. 

The number of seeds produced per plant was affected by the growing habit of 

the host. The plants that produced the largest number of dodder seeds were the Rubus 

spp., which have extensive growth including side shoots reaching up to 2 m in length. 

Yellow loosestrife has an upright growing habit, and is present on the bogs in early- 

mid summer, when dodder is germinating and parasitizing primary hosts. 

The average percent germination of seeds sampled in 1997 did not differ 

among host species (data not shown). A range of 30-54% of seeds sampled 

germinated, but seed viability did not correlate with average seed mass, which was 

affected by species (Table 4.2). If the dodder seed mass was correlated with percent 
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germination, then specific host plants could be targeted for irradication based upon 

their contribution to potential dodder populations. The low germination rate may 

attributed to the date that the plants were removed from the bog. If the parasitized 

hosts remained on the bog later in the season, the seeds may have been able to mature 

further, affecting the percent germination. 

Fratianne (1965) found that dodder would only flower on hosts that were 

themselves flowering. This was not found to be true in this study. Dodder flowered 

and set seed regardless of the reproductive stage of the host plant. 

This work represents the first steps in examining the host interactions with 

dodder. It has been reported that dodder species generally parasitize many hosts 

(Gaertner, 1950; Parker and Riches, 1993). The proliferation of dodder on various 

hosts has never been explored. This study, however, demonstrated how different 

hosts can support vigorous dodder populations and that many of these hosts can 

produce dodder seed of a significantly greater quantity than others. This increased 

number of dodder seeds on a cranberry bog, from a single plant producing a large 

number of seeds, is of great concern to cranberry growers. The dodder seeds, once on 

the bog, can move about in the flood waters (DeMoranville et al., 1996; Dawson et 

al., 1984) and can be moved from bog to bog. Though the average percent 

germination of the seeds in this study was low, the viable seeds are potential dodder 

populations for the following year. 

Prevention of potential dodder populations by removal of primary’ hosts is an 

important first step in dodder control on cranberry bogs. Identifying which plants on 

the bog are potential dodder hosts (Table 4.1) is a component in an integrated 
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management program for dodder control. By properly timing preemergent herbicide 

applications (Bewick et. al., 1988; Sandler, H.A., unpublished data) with a degree-day 

model, better control of dodder can be achieved. The remaining dodder populations 

not controlled through preemergent controls, must be managed through postemergent 

controls such as manual removal and possible mycoherbicide applications. 
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Table 4.1. Hosts of dodder in cranberry bogs. 1996 and 1997.^ 

Host species 
Number of 
infected plants 

(no./m^) 

Dodder seed 
produced 
(no./m -) 

Red Maple 
Acer rubrum L. 

0.5 be 23.5 b 

Barnyard Grass 
Echinochloa cnisgalli (L.) Beauv 

0.1 c 2.4 b 

Blue Aster 
Aster novi-belgii L. 

6.6 be 25.0 b 

Prickly dewberry 
RubusJlagellaris Willd. 

1.2 be 267.2 a 

Bristly dewberry 
Rubus hispidus L. 

23.1 a 424.5 a 

Yellow Loosestrife 
Lysimachia terrestris L. 

7.3 ab 239.9 a 

Narrow-leaved Goldenrod 
Euthamia galetorum (L.) Nutt. 

8.3 ab 85.7 ab 

Broad-leaved Panic Grass 
Panicum clandestimim L. 

0.1 c 0.1 b 

^ Mean separation within column by Duncan’s New Multiple Range Test (P-0.05). 
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Table 4.2. Number of seeds produced per plant and average seed mass as affected 
by host species. 1996 and 1997.^ 

Host species 
Average dodder seed 

produced 
(number/olant) 

Dodder seed 
mass per seed 

(m2) 
Red Maple 

Acer rubrum L. 
44.5 ab 1.1 ab 

Barnyard Grass 
Echinochloa crusgalli (L.) Beauv 

18.0 ab 1.0 ab 

Blue Aster 
Aster novi-belgii L. 

3.8 be 0.8 ab 

Cranbeny' 
Vaccinium macrocarpon Ait. 

14.4 be 1.2 a 

Prickly dewbeny' 
Rubus flagellaris Willd. 

225.3 a 1.3 a 

Bristly dewbeny 
Rubus hispidus L. 

14.8 be 1.1 a 

Yellow Loosestrife 
Lysimachia terrestris L. 

55.2 a 1.2 a 

Narrow-leaved Goldenrod 
Euthamia galetorum (L.) Nutt 

14.8 be 0.9 b 

Broad-leaved Panic Grass 
Panicum clandestimim L. 

1.0 c 1.3 a 

^ Mean separation within column by Duncan’s New Multiple Range Test (P-0.05). 
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APPENDIX A 

STATISTICAL ANALYSES FOR EXPERIMENTS ON SUMMER 
REMOVAL OF DODDER POPULATIONS 

Table A. 1. Analysis of variance. Percent dodder cover. 1996.^'^ 

Sources df SS MS F 
Week 3 2.765 0.922 31.79*’“ 
Treatment 2 3.502 1.751 60.38 &f* 
Week*Treatment 6 0.761 0.127 4.38 ** 
Site*Wk*Trt 60 1.714 0.029 

Tit: Week 0 2 0.009 0.005 0.16"" 
Tit: Week 1 2 1.377 0.689 23.74 ** 
Tit: Week 2 2 1.377 0.688 23.74 *&f� 
Trt:Week 3 2 1.500 0.750 25.87 ** 

Total 71 8.742 

^ Pooled MS Error term for repartitioned interaction = 0.0279, df=l 1. 
^ ns: Significant at P=0.01, or nonsignificant, respectively. 

Table A.2. Analysis of variance. Percent cover. 1997. Sampled on 27 Jul., 1997.^^ 

Sources df SS MS F 
Trt 4 0.870 0.217 5.33 *• 
Site 4 0.742 0.185 
Trt* Site 16 0.653 0.408 
Total 24 2.265 

z Significant at P=0.01. 
^ Treatments include control, pre-trt 1, post-tit 1, pre-trt 2, post-tit 2. 
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Table A.3. Analysis of variance. Percent cover. 1997. Sampled on 27 Jul. and 
8 Aug.^'"’' 

Sources df SS MS F 
Date 1 0.060 0.060 3.02“ 
Treatment 2 1.007 0.503 8.45 * 
Site 4 0.423 0.106 
Trt*Date 2 0.414 0.207 10.28 &f&f� 
Site*Date 4 0.079 0.020 
Trt*Site 8 0.468 0.060 
Trt*Site*Date 8 0.161 0.020 

Tit: Date 1 1 0.636 0.636 22.68 ** 
Tit:Date 2 1 0.785 0.785 28.00 »&f� 

Total 29 2.622 

^ Pooled MS Error term for repartitioned interaction = 0.028, df=8. 
Y Significant at P=0.01, P=0.05, or nonsignificant, respectively. 
^ Treatments include control, pre-trt 2, post-trt 2. 

Table A.4. Analysis of variance. Percent cover. 1997. All sample dates. 

Sources_df_SS_MS_F 
Treatment 2 2.090 1.045 12.57 * 
Site 4 0.358 0.090 
Date 2 0.034 0.017 1.74“ 
Tit* Site 8 0.665 0.083 
Tit* Date 4 0.055 0.014 2.57“ 

Site*Date 8 0.078 0.010 
Trt*Site*Date 16 0.085 0.005 
Total 44 3.365 

^ **, ns: Significant at P=0.01, or nonsignificant, respectively. 
^ Treatments include control, post-trt 1, post-trt 2. 

Table A.5. Analysis of variance. Fresh mass. 1997. Sampled on 27 Jul.^^ 

Sources df SS MS F 

Treatment 4 2421.137 605.284 7.07 ** 

Site 4 2573.256 643.314 

Trt*Site 16 1370.290 85.643 

Total 24 6364.683 

^ Significant at P=0.01. 
^ Treatments include control, pre-trt 1, post-trt 1, pre-trt 2, post-trt 2. 
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Table A.6. Analysis of variance. Fresh mass. 1997. Sampled on 27 Jul. and 8 Aug.^^^ 

Sources df SS MS F 
Date 1 6.816 6.816 
Treatment 2 1119.133 559.567 5.39 * 
Site 4 1924.335 481.084 
Trt*Date 2 1014.688 507.343 10.72 * 
Date* Site 4 142.082 35.520 
Trt*Site 8 831.192 103.899 
Date*Trt*Site 8 378.702 47.338 

Trt:Datel 1 1381.211 1381.211 25.33 = 
Trt:Date 2 1 752.609 752.609 12.83* 

Total 29 5416.948 

^ Pooled MS Error term for repartitioned interaction 
Y Significant at P=0.01, P=0.05, respectively. 
^ Treatments include control, pre-trt 2, post-trt 2. 

= 58.650, df=8. 

Table A.7. Analysis of variance. Fresh mass. 1997. All sample dates. 

Sources df SS MS F 
Treatment 2 613.300 306.650 11.23 * 
Site 4 1488.305 372.076 
Date 2 380.416 190.208 1.97 
Trt*Site 8 218.503 27.313 
Trt*Date 4 280.496 70.124 1.09"^ 
Site* Date 8 771.008 96.376 
Trt* Site* Date 16 1027.520 64.220 
Total 44 4779.548 

^ *, ns: Significant at P=0.05, or nonsignificant, respectively. 
Treatments include control, post-trt 1, post-trt 2. 

Table A.8. Analysis of variance. Dry mass. 1997. Sampled on 27 Jul.^^ 

Sources df SS MS F 

Treatment 4 53.723 13.431 6.15 ** 

Site 4 71.253 17.813 

Trt* Site 16 34.915 2.182 

Total 24 159.891 

^ Significant at P=0.01. 
Treatments include control, pre-trt 1, post-trt 1, pre-trt 2, post-trt 2. 
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Table A.9. Analysis of variance. Dry mass. 1997. Sampled on 27 Jul. and 8 Aug. 

Sources df SS MS F 
Date 1 11.631 11.631 
Treatment 2 40.137 20.068 4.62* 
Site 4 77.575 19.394 
Date*Trt 2 21.425 10.712 13.32 ** 
Date* Site 4 16.148 4.037 
Trt*Site 8 34.731 4.341 
Date* Trt* Site 8 6.432 0.804 

TrtiDate 1 1 25.383 25.383 16.79 ** 
Trt: Date 2 1 36.179 36.179 23.94 ** 

Total 29 208.079 

^ Pooled MS Error term for repartitioned interaction = 1.511, df=8. 
Y ***. Significant at P=0.01, P=0.05, respectively. 
^ Treatments include control, pre-trt 2, post-trt 2. 

Table A. 10. Analysis of variance. Dry mass. 1997. All sample dates.^ 

Sources df SS MS F 
Treatment 2 32.318 16.159 7.01 * 
Site 4 122.569 30.642 
Date 2 91.157 45.578 13.28 ** 
Trt*Site 8 18.447 2.306 
Trt* Date 4 12.517 3.129 0.57“ 
Site*Date 8 27.460 3.432 
Trt*Site*Date 16 87.196 5.450 
Total 44 391.662 

z &f&f� Significant at P=0.01, P=0.05, or nonsignificant, respectively. 
^ Treatments include control, post-trt 1, post-trt 2. 
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Table All. Analysis of variance. Yield. 1997. Berry mass. Compared to 
uninfested area.^ 

Sources df SS MS F 
Site 4 49990.702 12497.676 
Treatment 2 10387.568 5193.784 4.64* 
Infestation 1 103476.387 103476.387 14.62 * 
Site*Trt 8 8951.069 1118.884 
Site*Infestation 4 28318.303 7079.576 
Trt* Infestation 2 838.749 419.374 0.17"* 
Site*Trt* Infestation 8 19338.184 2417.273 
Total 29 221300.963 

^ *, ns: Significant at P=0.05, or nonsignificant, respectively. 

Table A. 12. Analysis of variance. Overall yield by mass. 1997.^ 

Sources df SS MS F 
Site 4 23455.177 5863.794 
Treatment 3 72461.159 24153.720 16.26 &f&f� 
Site*Trt 12 17826.052 1485.504 
Total 19 113742.388 

^ Significant at P= =0.01. 

Table A. 13. Analysis of variance. Yield. 1997. Berry density (per 900 cm-)^ 

Sources df SS MS F 
Site 4 86482.533 21620.633 

Treatment 2 19780.567 9890.133* 4.41“ 

Infestation 1 128445.633 128445.633 15.46* 

Site*Trt 8 17951.067 2243.883 

Site* Infestation 4 33235.867 8308.967 

Trt* Infestation 2 1086.667 543.333 0.11 “ 

Site*Trt* Infestation 8 39641.333 4955.167 

Total 29 326623.367 

^ *, ns: Significant at P=0.05, or nonsignificant, respectively. 
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Table A. 14. Analysis of variance. Yield. 1997. Berry density compared to 
uninfested area. ^ 

Sources df SS MS F 
Site 4 50732.200 12683.050 
Treatment 3 101798.800 33932.933 14.14 ** 
Site*Trt 12 28798.200 2399.850 
Total 19 181329.200 

^ Significant at =0.01. 

Table A. 15. Analysis of variance. Yield. 1997. Average berry mass.^ 

Sources df SS MS F 
Site 4 0.239 0.060 
Treatment 2 0.041 0.020 0.87“ 
Infestation 1 0.230 0.230 11.50* 

Site* Tit 8 0.187 0.023 
Site* Infestation 4 0.080 0.020 
Tit* Infestation 2 0.080 0.040 1.72“ 
Site*Trt* Infestation 8 0.186 0.023 

Total 29 1.041 

^ *, ns; Significant at P=0.05 , or nonsignificant. respectively. 
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APPENDIX B 

FIGURES OF 3-DIMENTIONAL SANDING SURFACES ON 
CRANBERRY BOGS 
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APPENDIX C 

STATISTICAL ANALYSES FOR DICHLOBENIL/LATE-WATER STUDY 

Table C.l. Analysis of variance for dichlobenil/late-water study. 1996.^^^ 

Sources df ss MS F 

Bog 1 461.664 461.664 

Week 7 3120.522 445.789 9.65** 

Treatment 8 1657.179 207.147 6.19** 

Bog*Trt 8 267.726 33.466 

Bog*Week 7 695.694 99.385 

Week*Trt 56 2586.835 46.194 3.71** 

Bog*Week*Trt 56 696.831 12.443 

TrtiWeek 1 8 104.349 13.044 0.87"* 

Trt:Week 2 8 2455.382 306.923 20.36** 

Post only (0/0, 0/1.1, 0/1.3, 0/1.8) 

linear 1 0.635 0.635 0.04"* 

quadratic 1 49.690 49.690 3.30"* 

cubic 1 0.041 0.041 0.003"* 

Split only (3.1/0 .3.1/0.9, 3.1/1.1,3.1/1.3) 

linear 1 15.120 15.120 1.003"* 

quadratic 1 6.410 6.410 0.43"* 

cubic 1 5.440 5.440 0.36"* 

Pre vs. Post 1 1336.560 1336.560 88.68 ** 

Split vs. Post 1 1019.620 1019.620 67.65 ** 

Pre vs. Split 1 0.908 0.908 0.06"* 

Pre vs. control 1 652.340 652.340 42.28 ** 

Post vs. control 1 3.280 3.280 0.22"* 

Split vs. control 1 20.840 20.840 1.38"* 

Trt:Week 6 8 461.9386 57.7423 3.83** 

Post only (0/0, 0/1.1, 0/1.3, 0/1.8) 

linear 1 55.9 55.9 3.71"* 

quadratic 1 0.23 0.23 0.02"* 

cubic 1 0.02 0.02 0.001"* 

Split only (3.1/0 , 3.1/0.9, 3.1/1.1,3.1/1.3) 

linear 1 0.74 0.74 0.05"* 

quadratic 1 6.02 6.02 0.40"* 

cubic 1 23.54 23.54 1.56"* 

Pre vs. Post 1 266.77 266.77 15.05 ** 

Split vs. Post 1 366.85 366.85 24.34 ** 

Pre vs. Split 1 4.29 4.29 0.29"* 

Pre vs. control 1 20.72 20.72 1.37"* 

Post vs. control 1 50.26 50.26 3.33 "* 

Split vs. control 1 0.06 0.06 0.004 "* 
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Table C.l. Analysis of variance for dichlobenil/late-water study. 1996. (cont.) 

Sources df SS MS F 

Trt:Week 7 8 150.691 18.836 1.25"* 

Trt:Week 8 8 344.7090 43.0886 2.86 * 

Post only (0/0, 0/1.1, 0/1.3, 0/1.8) 
linear 1 55.9 55.9 3.71"* 

quadratic 1 47.13 47.13 3.13 "* 

cubic 1 82.21 82.21 5.45* 

Split only (3.1/0, 3.1/0.9, 3.1/1.1,3.1/1.3) 
linear 1 0.74 0.74 0.05"* 

quadratic 1 1.59 1.59 0.11"* 

cubic 1 68.02 68.02 4.51 * 

Pre vs. Post 1 15.368 15.368 1.02"* 

Split vs. Post 1 44.496 44.496 2.95"* 

Pre vs. Split 1 97.744 97.744 6.49 * 

Pre vs. control 1 43.04 43.04 2.86"* 

Post vs. control 1 101.16 101.16 6.71 * 

Split vs. control 1 58.63 58.63 3.89"* 

Trt:Week 9 8 143.036 17.880 1.19"* 

Trt:Week 10 8 383.394 47.924 3.18 * 

Post only (0/0,0/1.1, 0/1.3,0/1.8) 
linear 1 98.33 98.33 6.52 * 

quadratic 1 1.56 1.56 0.10"* 

cubic 1 5.41 5.41 0.36"* 

Split only (3.1/0, 3.1/0.9, 3.1/1.1,3.1/1.3) 

linear 1 9.08 9.08 0.60"* 

quadratic 1 7.21 7.21 0.48"* 

cubic 1 2.42 2.42 0.16"* 

Pre vs. Post 1 69.130 69.130 4.58 &f� 

Split vs. Post 1 115.343 115.343 7.65 * 

Pre vs. Split 1 1.668 1.668 0.11 "* 

Pre vs. control 1 206.50 206.50 13.70 ** 

Post vs. control 1 75.15 75.15 4.99 &f� 

Split vs. control 1 3.91 3.91 0.26"* 

Trt:Week 11 8 200.5158 25.0645 1.66"* 

Total 143 9486.4521 

^ Pooled MS term for interaction =15.0712 df = 19 
^ Comparisons represent treated plots only: Pre vs control and Post vs control use 

0/0 kg ai/ha as control. Split vs control uses 3.1/0 kg ai/ha as control. 
Pre = 0/4.4, 0/3.1 kg ai/ha; Post = 0/1.1, 0/1.3, 0/1.8 kg ai/ha; 
Split = 3.1/0.9, 3.1/1.1, 3.1/1.3 kg ai/ha. 

^ **,*, ns: Significant at P=0.01, P=0.05, or nonsignificant, respectively. 
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Table C.2. Analysis of variance for dichlobenil/late-water study. 1997.^^ 

Sources df SS MS F 
Week 6 1465.768 244.294 
Treatment 3 871.793 290.598 9.33 
Week*Treatment 18 560.931 31.163 3.16** 

Trt:Week 1 3 42.142 14.047 1.05-" 
Trt:Week 6 3 397.263 132.421 9.87 ** 
Trt:Week 7 3 273.498 91.166 6.79 ** 
TrtiWeek 8 3 110.795 36.932 2.75"* 
Trt:Week 9 3 184.984 61.661 4.59 ** 

TrtiWeek 10 3 277.266 92.422 6.89 ** 

Trt:Week 11 3 146.694 48.898 3.64* 

Total 27 2898.4916 

^ Pooled MS term for interaction = 13.4239 df = 40 
^ **,*, ns: Significant at P=0.01, P=0.05, or nonsignificant, respectively. 
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Table C.3. Experimental Design. 1996. Treatments represent herbicide rate (kg 
ai/ha). 

3.1/1.3 0/1.8 0/0 0/1.8 0/1.3 3.1/0 3.1/0.9 skip 4.4/0 0/0 

0/1.3 3.1/0 4.4/0 0/1.3 0/0 0/1.1 0/1.1 3.1/1.1 0/0 skip 

3.1/1.1 3.1/1.3 0/0 3.1/0 0/1.3 3.1/0.9 4.4/0 3.1/1.1 0/1.1 3.1/0.9 

3.1/0.9 3.1/0 3.1/1.1 0/1.8 skip 3.1/0 4.4/0 skip 0/1.8 3.1/1.3 

3.1/1.3 3.1/0.9 skip 3.1/1.1 0/1.3 0/1.8 0/1.1 0/1.1 0/1.1 3.1/1.3 
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Table C.4. Experimental Design. 1997. Treatments represent herbicide rate (kg ai/ha). 

0/0 3.1/1.3 4.4/0 0/1.3 

0/1.3 4.4/0 3.1/1.3 4.4/0 

3.1/1.3 0/1.3 0/0 0/0 

0/0 0/1.3 3.1/1.3 3.1/1.3 

0/0 0/0 4.4/0 0/1.3 

4.4/0 4.4/0 3.1/1.3 0/1.3 
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NON-FLOODED BOG COMPARISON STUDY, 1997 

An early-water bog (non-flooded bog) was treated with dichlobenil at the 

same rates and dates as the late-water bog in order to compare herbicide longevity. 

On 4 May, 1.3 kg ai/ha of dichlobenil was applied to the entire early-water bog by 

the grower. Due to this, the control and 4.4 kg ai/ha treated plots could not be 

evaluated for the remainder of the experiment. This bog was not included in the 

results and discussion of this experiment. The significant interactions were not 

further separated due to the inability to use this data. Figure C. 1 shows the trend of 

herbicidal activity over time as measured by the alfalfa-seed bioassay. Herbicide 

applications were made following samples taken on weeks one and five. The analysis 

of variance for the early water bog is found in Table C.6. 

Figure C.l. Persistence of dichlobenil applied to cranberry bogs as revealed by an 
alfalfa-radicle growth assay. Non-flooded bog. 1997. 
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Table C.5. Effects of soil from dichlobenil-treated cranberry bogs on radicle growth 
of alfalfa seedlings. Non-flooded bog. 1997. 

Treatment Average radical length (mm) on sample dates 
(ke/ha) 4/5 4/9 4/18 4/25 5/2 5/9 5/21 5/27 6/5 6/12 6/23 

0/0 12.4 6.8 5.1 7.6 8.7 5.3 3.6 6.0 4.4 9.2 6.9 

4.4/0 15.1 2.6 3.0 3.4 5.3 3.2 1.6 5.2 3.0 10.0 8.4 

3.1/1.3 12.4 2.9 3.6 2.6 3.4 1.7 0.70 3.6 2.6 5.7 4.4 

0/1.3 15.8 8.6 6.4 10.0 9.8 5.0 2.8 4.1 6.2 8.6 7.4 

Table C.6. Analysis of variance for dichlobenil/late-water study. Non-flooded bog. 

1997.^ 
Sources df SS MS F 

Week 10 2337.841 233.784 

Treatment J 537.373 179.124 14.65 ** 

Week*Treatment 30 366.904 12.230 

Total 43 3242.118 

z &f� &f; Significant at P=0.01. 
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APPENDIX D 

STATISTICAL ANALYSES FOR CONTRIBUTIONS OF VARIOUS SPECIES 
TO DODDER INFESTATIONS IN CRANBERRY BOGS 

Table D.l. Analysis of variance for plant number (no./10,800 cm^). 1996 and 1997/^ 

Sources df SS MS F 

Bog 6 1.8194 0.3032 
3.45 *&f� Species 7 5.7534 0.8219 

Boe* Snecies 42 10.0113 0.2384 

Total 55 17.5841 

z *&f; Significant at P=0.01. 

^ Does not include cranberry in analysis. 

Table D.2. Analysis of variance for seed number (no./10,800 cm^). 1996 and 1997.^^ 

Sources df SS MS F 

Bog 6 6.0494 1.0082 

Species 7 23.5800 3.3686 3.22 &f* 

Boe* Snecies 42 43.9307 1.0460 

Total 55 73.5601 

^ Significant at P=0.01. 
^ Does not include cranberry in analysis. 

Table D.3. Analysis of variance for overall seed mass (g/10,800 cm*). 1996 and 1997. 
ZY 

Sources df SS MS F 

Bog 6 0.0647 0.0108 

Species 7 0.1714 0.0245 2.08 “ 

Boe* Snecies 42 0.4953 0.0118 

Total 55 0.7314 

^ ns: nonsignificant. 
^ Does not include cranberry in analysis. 
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Table D.4. Analysis of variance for seed number per species. 1996 and 1997. ^ 

Sources df SS MS F 

Bog 6 2.2796 0.3799 

Species 8 11.2747 1.4093 3.45 *&f� 

Boe* Soecies 48 19.5996 0.4083 

Total 62 33.1538 

^ Significant at P=0.01. 

Table D.5. Analysis of variance for mass per seed. 1996 and 1997.^ 

Sources df SS MS F 

Bog 6 2.7500 0.4583 

Species 8 3.5310 0.4414 3.66 &f� 

Boe* Soecies 13 1.5694 0.1207 

Total 27 7.8504 

^ *: Significant at P=0.05. 

Table D.6. Analysis of variance for rate of seed germination. 1997. ^ 

Sources df SS MS 

Bog 2 121.90 60.95 

Species 5 1069.32 213.86 

Boe* Soecies 3 153.50 51.17 

Total 10 1344.72 

^ ns: nonsignificant. 
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